. In all these organisms, standard replication orthodox, strand-asynchronous mode of mtDNA replifork arcs were detected. In order to determine whether cation. These findings indicate that two modes of such RIs could also be detected in mammalian mtDNA, mtDNA replication operate in mammalian cells and we analyzed DNA from purified mitochondria of human that changes in mtDNA copy number involve an alterplacenta and mouse liver. The data unambiguously supation in the mode of mtDNA replication.
those present in growing cells where only maintenance synthesis of mtDNA was taking place. Replication intermediates that were detected during reamplification of mtDNA were almost exclusively of the double-stranded class. These are inferred to be the products of the conventional coupled leading-and lagging-strand replication, initiating unidirectionally from the same origin detected in placenta. By contrast, in growing cells undergoing mtDNA synthesis merely to maintain copy number from one cell generation to the next, the predominant mtDNA replication intermediates were partially single-stranded, as predicted by the orthodox strand-asymmetric model. These findings indicate that different modes of mtDNA synthesis operate in human cells under different conditions, depending on whether copy number is being modulated or merely maintained.
Results
Two-dimensional, neutral-neutral agarose gel electrophoresis is a powerful technique for analyzing the relative amounts and fine structure of replication intermediates. We reasoned that applying it to mammalian mtDNA would also enable us to investigate such questions as the topology of mtDNA during replication, the possible presence of RPS in regions of protein-binding, as well as defects in mtDNA replication associated with pathological states.
The probes employed and the fragments they were predicted to detect are shown for mouse and human mitochondrial DNA in Figure 1 . of the mouse mitochondrial genome contained within a 4.5 kb DraI fragment that excludes both of the previously mapped origins, O H and O L . The orthodox model would the orthodox model. This conclusion is supported by predict that whereas the probe should detect the 4.5 kb the fact that they were completely eliminated when a unit fragment of dsDNA from nonreplicating molecules, portion of the DraI digest was treated with single-strandthe digestion products generated by replicating molespecific nuclease ( Figure 2B ), leaving the standard Y arc cules would have a strand length in the first dimension as the only major nonlinear species. The fact that the of at least the next largest partial digestion product molecular species comprising the Y arc were resistant created by digestion behind the origin, namely of 12.5 to single-strand nuclease digestion further confirms that kb. Furthermore, being highly nonlinear, they would lie they were completely double-stranded. Fragments of far from the gel diagonal of duplex DNA fragments. most other regions of mouse mtDNA also gave rise to standard replication-fork arcs that were more readily apparent when single-strand nuclease was employed Mouse mtDNA Replication Intermediates Form Standard Replication Arcs after restriction digestion (e.g., Figure 2D ). Standard replication fork arcs were not observed when fragments Surprisingly, however, the experiment visualized a strong Y arc proceeding from the unit-length fragment including the presumed heavy-strand replication origin (O H ) undergoing mtDNA replication that merely maintains copy number from one cell generation to the next, partially single-stranded intermediates predominate, whereas in cells allowed to recover for 24 hr from transient, drug-induced mtDNA depletion, the replication intermediates detected are almost exclusively of the Leading-strand processivity could be influenced by The so-called ␤ subunit of the mitochondrial (gamma)
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